Melt occurrence in Antarctica is derived from L-band observations from the Soil Moisture and Ocean Salinity (SMOS) satellite between the austral summer 2010/11 and 2017/18. The detection algorithm is adapted from a threshold method previously developed for 19 GHz passive microwave measurements from Special Sensor Microwave Imagers (SSM/I, SSMIS). The comparison of daily melt occurrence retrieved from 1.4 GHz and 19 GHz observations shows an overall close agreement, but a lag of few days is usually observed by SMOS at the beginning of the melt season. To understand the difference, 5 we performed a theoretical analysis using a microwave emission radiative transfer model that shows that the sensitivity of 1.4 GHz signal to liquid water is significantly weaker than at 19 GHz if the water is only present in the uppermost tens of centimeters of the snowpack. Conversely, 1.4 GHz measurements are sensitive to water when spread over at least 1 m and when present at depth, up to hundreds of meters. This is explained by the large penetration depth in dry snow and by the long wavelength (21 cm). We conclude that SMOS and higher frequency radiometers provide interesting complementary 10 information on melt occurrence and on the location of the water in the snowpack.
in T B from dry to wet snow is more significant at H polarization, and easier to detect.
The algorithm uses an adaptive threshold T in each grid point and for each year given by T = M + aσ, with M the time average and σ the standard deviation of T B when snow is dry. According to the analysis of daily air surface temperature, Torinesi et al. (2003) found a suitable value of a = 3 so that most melting events correspond to daily maximum temperatures above -5 o C. This value is also typical for outliers detection (e.g. von Storch and Zwiers, 2001) .
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To solve the circular problem of computing M and σ for non melting days in order to detect melting days, the initial step consists in calculating M in each grid point on a fixed period of one year -from 1 April to 31 March -and in setting aσ to a first-guess fixed value. Previous studies for 19 GHz used aσ = 30 K. However, we found it unsuitable at 1.4 GHz, because of the weaker sensitivity to liquid water (Section 5). We instead propose a lower first guess value of aσ = 15 K.
With these assumptions, a first guess melt time series is detected and new estimates of M and σ are computed by removing 75 melting days from the T B series, still limiting the period from 1 April and 31 March. Melt is then detected once again using the updated threshold. The process is iterated three times to ensure stable estimates. The algorithm returns a binary indicator for each day and each grid point, 0 for the absence and 1 for the present of liquid water.
This algorithm needs further correction for some false alarms found on the Antarctic Plateau where melt is known to never occur. These alarms are likely due to variations of T B H of the order of several Kelvin that were reported by Brucker et al.
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(2014) and Leduc-Leballeur et al. (2017) and explained to result from the snow metamorphism and surface hoar removal by wind storms. Noting that these changes do not impact T B V, although melt does, we consider here that the areas with low annual standard deviation of T B V are not subject to melt. We estimated a threshold standard deviation of 2.8 K based on the fact that it excludes 95 % of grid points with surface elevation higher than 1500 m. Thus, as a final step of the algorithm, the grid points with a T B V annual standard deviation lower than this threshold are masked out that year. The beginning of the melt season detected usually largely differs between both frequencies as illustrated in Figure 2 . On average, the first melting day can be detected as early as September at 19 GHz, while it is rare to detect melt earlier than December at 1.4 GHz. For the pixel where melt is detected by both frequencies in a given year, the 19 GHz detection precedes 95 by 1-5 days for 28% of the pixels and by 6-15 days for 26% of them. This lag is also observed for the end of the season with a remanence of the melt detected at 1.4 GHz until nearly April. Figure 2 also highlights that the melt extent detected at 19 GHz is 3 to 6 times as large as at 1.4 GHz, depending on the years. The standard deviation maximum is reached in January at 250,000 km 2 and 110,000 km 2 for 19 GHz and 1.4 GHz, respectively. Melting is concentrated on the coast with a maximum in the Antarctic Peninsula as previously reported for 19 GHz (Tedesco, 2009; Kuipers Munneke et al., 2012; Datta et al., 2018 Datta et al., , 2019 Scott et al., 2019) . The largest differences are observed in Filchner and Ross ice shelves where melt is detected to occur a few days every year at 19 GHz, but is insufficient to be detected at 1.4 GHz. The difference is certainly explained by the difference of sensitivity. Indeed, as these ice shelves only experience 105 limited melt, the liquid water is likely concentrated in the uppermost few centimeters of the snowpack. Figure 4 highlights that 19 GHz is more effective to detect short melting duration than 1.4 GHz. Indeed, more than 55% of the pixels where melt occurs remain wet for less than 10 days in a year according to 19 GHz observations, and about 20% 5 https://doi.org/10. 5194/tc-2019-195 Preprint. Discussion started: 20 September 2019 c Author(s) 2019. CC BY 4.0 License.
